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(54) Method and materials for fabricating an ink-jet printhead 



(57) An ink-jet printhead fabrication technique ena- 
bles capillary channels for liquid ink to be formed with 
square or rectangular cross-sections. A sacrificial layer 
is placed over the main surface of a silicon chip, the sac- 
rificial layer being patterned in the form of the void 
formed by the desired ink channels. A permanent layer, 



comprising permanent material, is applied over the sac- 
rificial layer, and, after polishing the two layers to form 
a uniform surface, the sacrificial layer is removed. Pre- 
ferred materials for the sacrificial layer include polyimide 
while preferred materials for the permanent layer in- 
clude polyarylene ether, although a variety of material 
combinations are possible. 
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Description 



The present invention relates to techniques and 
special materials for fabricating micromechanical devic- 
es, particularly ink-jet printheads, and to an hk-jet print- 
Head made according to this technique. 

In thermal ink-jet printing, droplets of ink are se- 
lectably ejected from a plurality of drop ejectors in a 
printhead. The ejectors are operated in accordance with 
digital instructions to create a desired image on a print 
sheet moving past the printhead. The printhead may 
move back and forth relative to the sheet in a typewriter 
fash.cn, or the linear array may be of a size extending 
across the entire width of a sheet, to place the image on 
a sheet in a single pass. 

or T* 0 ' 8 typiCa " y ^P^ 6 channels, 
or other ink passageways, which are connected to one 
or more common ink supply manifolds. Ink is retained 
■ wittMn each channel until, In response to an appropriate 
d'gital signal, Uie ink in the channel is rapidly heated and 
vaporized by a heating element (essentially a resistor) 
disposed on a surface within the channel. This rapid va- 
porization of the ink adjacent the channel creates a bub- 
ble which causes a quantity of ink to be ejected through 
an opening associated with the channel to the print 
sheet. One patent showing the general configuration of 
a typical ink-jet printhead is US patent no 4 774 530 

In overview, a thermal ink-jet printhead such as of 
typical designs known in the art is a hybrid of a semi- 
conductor and a micromechanical device. The heating 
elements are typically pofysilicon regions doped to a 
particular resistivity, and the associated digital circuits 
or activating individual heating elements at Various 
times areallwell within the realm of semiconductor tech- 
nology. Simultaneously, structures such as the capillary 
channels for retaining liquid ink and ejecting the ink from 
the pnn head are mechanical structures which directly 
Physically mterface with the semiconductors such as the 
heating element or heater chip. For various reasons it 
is desirable to make mechanical structures such as the 
channel plate out of chemically etched silicon which is 
congruous with the semiconductor structure of theheat- 
er plate. 

Using standard silicon-etching technology to create 
micromechanical structures, however, presents signtfi- 
cant des,gn constraints. Typically grooves in the chan- 
nel plate, which are used to form capillary channels tor 
the passage of ink therethrough, are typically most eas- 
ily constructed with V-groove etching such as by apply- 
ing a chemical etchant such as KOH to silicon. Because 
of the. relative etching rates along different directions of 
a silicon crystal (the -aspect ratio"), etched cavities de- 
fining specific surface angles will result, forming the dis- 
inct V-grooves. When a channel pbte defining etched 
V-grooves is abutted against a semiconductor heater 
ch.p, capillary channels which are triangular in cross- 
section are created Such triangular cross-sections pro- 
vide certain advantages, but are known to exhibit prob- 



lems in directionality of ink droplets emitted therefrom 
> b ., ink droplets are not always emitted straight out of 
the channel, but rather may be emitted at an unpredict- 

s T«T- " iS ' ikely that me P erf °™nce of the chip 
could otherwise be improved if. for example, a cross- 
section which is closer to a square could be provided 

I?" aSPeCt ra,i ° f0f mS e,Cnin 9 of silic ™ 
typical etchmg processes would preclude creation of 

square-shaped grooves in a channel plate 

Another disadvantage of using V-grooves to form 

capillary channels is that it would be difficult to create 

using V-groove etching, a channel which would vary in 

b^T? ? ,0n9 the l6ngth * ,he channel « would 
be drfftcutt f0 r example, to create through V-groove 

^ m 9« ch ^'wh^increasedordecreasedinsize 
along its length. In summary, while the V-groove etching 
J^njque has key practical advantages, there are also 
important design constraints associated with it 

The present invention describes a method, along 
*> win associated sets of material with which the method 
« preferably practiced, by which structures such as are 
usefu ,n an ink-jet printhead can be created with more 
nk,ues tradi,i0nal V - groove e,chin 9 

" .,. . ^-4,497.684 discloses a technique, using sac- 
sutetraT rS ' l ° dePOSit me,a ' ' ayerS fn 8 Pattern °" a 

m Jf"^' 6 . 50 ' 545 diSClOSeS 3 ,echnk ' ue for "»WnO 
meta conductors which adhere to polyimide layers 

» US-A-5.236.572 discloses a method for Ltinu* 

ously manufacturing parts requiring precision micro-fab- 

ncation, such as ink-jet printheads 

Wnf'^K 296 ' 092 diSCl0SeS a P |a "anzation method 
tor use with a semiconductor substrate 

35 us -A-5.322,594disclosesamethodofmanufactur- 
mg a one piece full-width ink-jet printing bar on a glass 
or ceramic plate. s 

US-A-5.378.583 discloses a technique for forming 
mKrostructuresusingapreformedshee^ 

US-A-5,401 .983 discloses various techniques for 
monolrthcally integrating any thin film material or any 
device, including semiconductors. 

US-A-5.454,904 discloses a micromachining moth- 
's Serial 3 P °' yimide IS UtiliZ6d 38 3 micromachin *te 
US-A-5.465,009 discloses techniques to permit lift- 
off, alignment and bonding of materials and devices A 
device layer is deposited on a sacrificial layer situation 
on a growth substrate. The device layer is coated with 
a earner .ayer. The sacrificial layer and/or the growth 
substrate are then etched away to release the combina- 
tion of the device layer and carrier layer from the growth 
substrate. 8 

According to the present invention, there is provid- 
es ed a method of fabricating a micromechanical device 
defining a cavity therein, such as an ink-jet printhead A 
substrate defining a main surface is provided A sacrifi- 
cial layer of removable material, configured as a nega- 
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tive mold of the desired cavity, is deposited on the main 
surface. A permanent layer of permanent material is de- 
posited over the main surface and the sacrificial layer. 
The permanent layer is polished to expose the sacrificial 
layer, and then the sacrificial layer is removed. 

Figures 1-5 are a sequence of elevational views of 

capillary channels for an ink-jet printhead being 

formed on a silicon substrate; 

Figure 6 is an elevational view of a more completed 

thermal ink-jet printhead made according to the 

technique of the present invention; 

Figure 7 is a sectional plan view through line 7-7 in 

Figure 6, illustrating different channel shapes which 

may be formed with the technique of the present 

invention; 

Figure 8 is a perspective view showing how the 
technique of the present invention can be used to 
form pits around heating elements in an ejector in 
a thermal ink-jet printhead; and 
Figure 9 is a table showing known sets of materials 
which can be used to carryout the technique of the 
present invention in creating a thermal ink-jet print- 
head. 

: Figures 1 -5 show a plan view of a portion of a sem- 
iconductor substrate having structures thereon, as 
would be used, for example, in creating a portion of a 
thermal ink-jet printhead. The successive Figures show 
the different steps in the method according to the 
present invention. In the Figures, like reference numer- 
als indicate the same element at different stages in the 
process. 

Figure 1 shows a semiconductor substrate 10 hav- 
ing disposed, on a main surface thereof, a series of sac- 
rificial portions 12, which together can be construed as 
a single sacrificial layer. As shown in Figure 1, the indi- 
vidual sacrificial portions 1 2 are intended to represent a 
set of capillary channels for the passage of liquid ink 
therethrough in, for example, a thermal ink-jet printhead. 
As wilt be described below, the sacrificial portions 12 
represent the configuration of voids (such as for capil- 
lary channels) in the finished printhead; the portions 1 2 
can be construed as forming a negative of a mold. In the 
finished printhead, these capillary channels are intend- 
ed to be disposed on the main surface of chip 1 0, in such 
a manner that the main surface of chip 1 0 serves as one 
wall of each capillary channel. In Figure 1 , four separate 
and parallel channels are shown "end-on." 

Different materials which can be used to create sac- 
rificial layer 12 will be discussed in detail below, but, de- 
pending on the particular material selected, the sacrifi- 
cial layer 12 can be deposited in a desired pattern on 
the main surface of chip 10 using any number of a fa- 
miliar techniques, such as laser etching, chemical etch- 
ing, or photoresist etching. 

In Figure 2 is shown the placement of a permanent 
layer 1 4 over the portions 1 2 of the sacrificial layer. Per- 



manent layer 14 will ultimately be used to define the 
voids which, in Figure 2, are occupied by sacrificial lay- 
ers 12. It will be noted that, in the illustrated embodi- 
ment, the parallel-channel pattern of sacrificial layer 1 2 
£ causes an undulating surface to be created by perma- 
nent layer 1 4. The permanent layer 14 can be deposited 
by any number ol available techniques, such as spin 
casting, spray coating, screen printing, CVD or plasma 
deposition. A detailed discussion of what materials are 
most suited for permanent layer 14 will be given below. 

In Figure 3 the permanent layer 1 4, which has been 
hardened to a solid, has been mechanically polished in 
such a manner that a single flat surface is obtained, with 
different areas thereof being formed by portions of per- 
manent layer 14 or exposed portions of sacrificial layer 
12. Depending on the particular materials selected for 
layers 12 and 14, this polishing step can be carried out 
by any of a variety of known techniques, such as me- 
chanical polishing or laser ablation. 

In Figure 4 the sacrificial layer, represented in pre- 
vious Figures by portions 12, has been removed. Ac- 
cording to a preferred embodiment of the present inven- 
tion, this removal of sacrificial layer 12 is carried out by 
chemical etching, although other techniques may be 
possible. It can be seen that there are now precisely- 
shaped channels where the sacrificial layers 12 used to 
be. These channels can in turn be used for passage and 
retention of liquid ink, such as a thermal ink-jet print- 
head. It will further be noted that substantially right an- 
gles can be provided between the walls of permanent 
layer 14 and the floor 0 formed by the main surface of 
chip 10 within each channel. This is shown in contrast 
to previous typical designs of ink-jet printheads, using 
V-groove etching, wherein only triangular-cross-section 
channels are practical. 

Figure 5 shows a possible subsequent step in the 
process of the present invention, wherein further struc- 
tures can be provided on the remaining portions of the 
permanent layer 1 4. As shown, a second sacrificial layer. 
16 can be placed in various ways over the permanent 
layer 14, such as by placing the sacrificial layer 16 en- 
tirely over a portion of permanent layer 14, or else, as 
shown toward the right of Figure 5, placing a portion of 
the sacrificial layer 16 over permanent layer 14 or over 
the remaining exposed main surface of chip 10. The 
steps shown in Figures 1 -4 can thus be repeated over 
the existing permanent layers 14 in order to create fairly 
sophisticated three-dimensional structures. Alternately, 
multiple permanent layers of the same general plan de- 
sign can be "stacked" on top of each other, thereby cre- 
ating "trenches" having a high aspect ratio of height to 
width. The only significant constraint on creation of 
structures in higher layers is that there should be access 
for "buried" sacrificial layers, whereby removal chemi- 
cals can be applied to lower sacrificial layers, or the dis- 
solved substance of sacrificial layers may be drained 
out. 

Figure 6 is an elevational view of a substantially fin- 
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•shed ink-jet printhead exploiting, for example, the struc- 

ZlT™^, R9Ufe 4 " Wi " bS " 0,ed ,hat ,he semicon- 
ductor substrate io has defined therein (such as 
through semiconductor fabrication means known in the 

ne?,Zd bv hea ' in9 elemen,S 24 ° n the cha " 
nels formed by permanent layer 14 are aligned As is 

known .n the art of thermal i„ k . je t printing, applied 
of a voltage toa heating element such as 24 Z ™Z 
nudeatfon ofthe.ipuidinkbe^gretainedinthec LmJ 
which ,n turn causes the liquid ink to be ejected from the 
channel and onto a print sheet. (More bridly S a , 
ng element 24 could be replaced with another^ of 

1TZ ° T r9 '^ ^ ***** *« «~ o 

n th^L t annel ' such 38 a P^oelectric structure- 
•s generahzed as an "energizing surface •) Disposed 
over the top" surface provided by permaniSu 

> a s.mple plane layer 20. which in effect compS the 

Tn^f Pe ^ anent ,a y° r ,4s °<ha' enclosed (but open- 

^E5 y n fl ?r ,, are crea,ed ^ P' a - 

21? 3Ve any particular sophisticated 

structure associated therewith, and can bemada of an 
inexpensive ceramic, resin, or metal. 

nlJ ■ P f m ' nVent,0n ean ' by virtue <* ^'"9 Perma- 
nent ^ to facilrtate channel shapes whichva™ 
cross-sect™ along the length thereof, toan extent^" 

etched grooves The channels are created by placinq 

SiiS^T* - ,ayers 12 *"* « *J 

ke ti,e des,red channels in the finished printhead. Fig- 
oddlnT J" P 08 ^' 6 exam P ,a s o' such 

would be of the same general design in a practical print- 

of the channels created by permanent layer 14 facie 
shapes which can be optoized rebtive to. for «Z£ 
thwon of the heating element 24 in semkJZo r 

Figure 8 is a perspective view of an ejector made 
accord.ng to the technique of the present inveS, 

rlLrZ 9 an K I ^ POr,an, Prin,h8ad desi 9" cTnTe 
read ly enabled with the technique of the present inven 

Jan. m a printhead in which a heating element sTh 

as shown ,n F.gure 7, is defined within a heater chip 10 

permanent layer 14 can be used not only to define an 

ejector channel, bu, also to form a pit. indicated as 25 

?e suL^H a :° Und ' ° f C,OSe ' y ,0 ' ,he o 
the surface of heating element 24. This pit 25 is known 

« the an as a structure which can improS Z P eZZ 

ance of a thermal ink-jet ejector by providing a speel 

suchasssareformedintheirown separate by e re ,such 

^omT r m,Scturin9 8,ep Wi,h *• «sch- 
mque of the present .nvention, however, a structure de- 
fin-ng a p„ 25 around ever, heating element 24 cln be 



formed ,n a smgle piece with the rest of the sides of the 
ejector, by permanent layer 14. That is, the present in 
vent™ enables structure defining pi, 25 to be form*, 
out of essenually the same tayer of materia, that <££ 
* the walls of the ejector itself. Formation of this pit 25 in 

nonsofthesacntoallayertechniqueasshowninFigure 

" tive m!?d°Sh jn ,heillus,ra,ed ^bodiment, the nega- 
tive-mold techn,que .s used for the creation of caoillan/ 

LnTe ledV'r 31 inNet 
can be used to form other types of cavities in a print- 

head such astomakethe ink-supply manifolds through 

wh.ch.nk ,s supplied to the channels in the printS 

aS f ,he °' ,he Pre8en « -ventir^nbe 

apphed to mak.ng any specially-shaped void in a mterc? 
mechamcal apparatus, andean readiVbeappHeXtnt 
creation of voids having a cnifca, 
a dmensKx, parallel to the main surface of the s Vb 
eler 3 micf0ma,ers «° one cemim- 

Haying demonstrated the basic steps of the tech- 

ZL? 16 T inven,ion - attention * s ™ *Si 

o specie comb.na.ions of materials which can be used 

UTTT teyer 12 ^ pe^nlanen, ,ayer 1 4 - 

ofnd °' 8 C ° mbina,i0n ° f 8Uch ^ eria ' w»l 5e 

pend not only on cost and ease of use for obtaininq a 

30 In^il 1 , aCC ° Unt 1,16 Specific f squirement for an 
50 ent.re pmthead. namely the composition of liquid inte 
wh.ch are likely ,o be used with the printhead Becaut 
o var,ous competing concerns such as ink d-ying Z 

l iS,airlycOT ^ ,ha ''^WinksS 
^k-,et P nnt.ng have characteristics such as acidity or 

£27 T qUa,i,ieS have been toovn to cause 

Z^T ? C ° mm0n ma,6fia,S Us ^ d in Pleads 
Also, other »,ks are nucleophilic, which further limits the 
choice of materials for a printhead 

Figure 9 is a table giving, h general terms, various 
S a e r? fi r b> COmbina,i0nS °' SaCrificfel teyer ™» S Pe"- 

cT and' SLT* 1, K aCrifiCbl ' ayer P-^ming meth- 
ods, and dBsofvmg chemicals, representing various 

E2T f«! iWenfon ^ to the '"^rs as o 
fte time of fllmg. In brief, the necessary attributes of a 

«f serial is that « be pattemabL (etther by be 

■ng photosensitive itself, or being patternable by the ap- 

plKjat^n of a photoresist), and removable (such as by 

abtton T 3 CherT,iCa ' e,Chin9 ' i0n ^rdment, or 

so rial n 1 l Ce ? a,y a,tribU ' eS ° f ,he Permane "« '"ato- 
nal. <n the ,nk-|et prmtmg context, are that the material 

fsuZf COmm ° n COrfOSiVe W«M» ^k 

IhonJ ^ 8aC f base ' n^'«ophilc, orotherwise reactive) 

idso^; rt,empera,Urestabilit y- a ndbere b ,ivefyrig: 
55 1Z 1 1 n&C0SSary Certain ^irfacturing proc- 
esses, me created structures are diceable (that is if a 

2;:^ prin,head *iPs are made in a single 

cfS mUSt be ab ' e ,0 be cut in, ° indj vi^a, 

ch.ps). While varwus combinations of various materials 



BNSOCCIft <EP__0829360A2_I_, 



4 



7 



EP 0 829 360 A2 



8 



and methods have been shown to be practical, the 
choice of which particular combination is a "best mode" 
will depend on external factors, such as the choice of 
ink used in the printhead, as well as cost. On the whole, 
the most versatile materials for permanent layers in the 
ink-jet printing context are polyarylene ether or polyim- 
ide. 

In one embodiment of the claimed invention, differ- 
ent types of polyimide can be used respectively for the 
sacrificial and permanent layers. If two types of polyim- 
ide are used, the polyimide used for the sacrifical layer 
should be a partially-cured polyimide, while the polyim- 
ide for the permanent layer should be a fully-cured poly- 
imide. Alternately, the polyimide used for sacrifical layer 
should be a base-sensitive polyimide, while the polyim- 
ide for the permanent layer should be a less base-sen- 
sitive polyimide. 

The table of Figure 9 lists certain proprietary sub- 
stances such as those known under the trademarks of 
RISTON® and VACREL®, both available from E.I. du 
Pont De Nemours & Company. In the claims hereinbe- 
low, these proprietary materials are referred to as 'dry- 
film solder masks." 

In the context of manufacturing ink-jet printheads, 
a single layer of permanent material 14 can be readily 
created up to a thickness of 60 micrometers. Such a lay- 
er will still exhibit the desirable right-angle relationship 
between the walls of the permanent layer such as 14 
and the surface of the silicon substrate 1 0. However, by 
using multiple iterations of the present method, such as 
shown in Figure 5, the thickness of such a permanent 
layer 14 comprising several such layers could easily 
reach into the tens of millimeters. The thickness of struc- 
tures created by one or more permanent layers 14 is 
fundamentally constrained only by the mechanical sta- 
bility of such walls, i.e., a wall created by permanent lay- 
er 14 need only be thick enough to support itself in a 
particular situation. 

Further information regarding the preparation of 
polyarylene ethers and the like is disclosed in, for ex- 
ample, P. M. Hergenrother, J. Macromol. ScL Rev. Mac- 
romol. Chem., C19{\ ). 1-34 (1 980); P. M. Hergenrother, 
B. J. Jensen, andS. J. Havens, Polymer, 29, 358 (1988); 
B. J. Jensen and P.M. Hergenrother, 'High Performance 
Polymers," Vol. 1, No. 1) page 31 (1989), "Effect of Mo- 
lecular Weight on Poly(arylene ether ketone) Proper- 
ties'; V. Percec and B. C. Auman, Makromol. Chem. 
185 , 2319 (1984); "High Molecular Weight Polymers by 
Nickel Coupling of Aryl Polychlorides," I. Colon, G. T. 
Kwaiatkowski, J. of Polymer Science, Part A, Polymer 
Chemistry, 367 (1 990); M. Ueda and T Ito, Polymer 
J, 23 (4), 297 (1991); "Ethynyl-Terminated Polyar- 
ylates: Synthesis and Characterization," S. J. Havens 
and P. M. Hergenrother, J. of Polymer Science Polymer 
Chemistry Edition. 22, 301 1 (1984); "Ethynyl-Terminat- 
ed Polysulfones: Synthesis and Characterization," P. M. 
Hergenrother, J. of Polymer Science: Polymer Chemis- 
try Edition, 20, 3131 (1982); K. E. Dukes, M D. Forbes, 



A. S. Jeevarajan, A. M. Belu, J. M. DeDimone, R. W 
Linton, and V. V. Shea res, Macromolecules, 29, 3081 
(1996); G. Hougham, G. Tesoro, and J. Shaw, Polym. 
Mater. ScL Eng., 61, 369 (1989); V. Percec and B. C. 

5 Auman, Makromol. Chem, 185, 617 (1984); "Synthesis 
and characterization of New Fluorescent Poly(arylene 
ethers)," S. Matsuo, N. Yakoh, S. Chino, M. Mitani, and 
S. Tagami, Journal of Polymer Science: Part A: Polymer 
Chemistry, 32, 1071 (1994); "Synthesis of a Novel 

*0 Naphthalene-Based Poly(arylene ether ketone) with 
High Solubility and Thermal Stability," Mami Ohno, 
Toshikazu Takata, and Takeshi Endo, Macromolecules, 
27, 3447 (1994); "Synthesis and Characterization of 
New Aromatic Poly(ether ketones)," F. W. Mercer, M. T. 

*s Mckenzie, G. Merlino, and M. M. Fone, J. of Applied Pol- 
ymer Science, 56, 1 397 (1995); H. C. Zhang, T L Chen, 
Y. G. Yuan, Chinese Patent CN 851 08751 (1 991 ); "Stat- 
ic and laser light scattering study of novel thermoplas- 
tics. 1 . Phenolphthaiein polyfaryl ether ketone)," C. Wu, 

20 s. Bo, M. Siddiq, G. Yang and T. Chen, Macromolecules, 
29, 2989 (1996); "Synthesis of t-Butyl-Substituted Poiy 
(ether ketone) by Nickel-Catalyzed Coupling Polymeri- 
zation of Aromatic Dichloride , 1 M. Ueda, Y. Seino, Y. 
Haneda, M. Yoneda, and J.-l. Sugiyama. Journal of Pol- 

25 ymer Science: Part A: Polymer Chemistry, 32, 675 
(1994); "Reaction Mechanisms: Comb-Like Polymers 
and Graft Copolymers from Macromers 2. Synthesis, 
Characterzation and Homopolymerization of a Styrene 
Macromer of Poly(2,6-dimethyl-1,4-phenylene Oxide)," 

30 v. Percec, P. L. Rinaldi, and B. C. Auman, Polymer Bul- 
letin, 10, 397 (1 983); Handbook of Polymer Synthesis 
Part A, Hans R. Kricheldorf, ed., Marcel Dekker, Inc., , 
New York-Basel-Hong Kong (1992); and "Introduction 
of Carboxyl Groups into Crosslinked Polystyrene," C. R. 

35 Harrison, P. Hodge, J. Kemp, and G. M. Perry, Die' 
Makromolekulare Chemie, 176, 267 (1 975). 



Claims 

40 

1. A method of fabricating a micromechanical device 
defining a cavity therein, comprising the steps of: 

providing a substrate (10) defining a main sur- 

45 face- 
depositing on the main surface a sacrificial lay- 
er (12) of a first material, configured as a neg- 
ative mold of the cavity; 
depositing over the sacrificial layer a perma- 

50 nent layer (14) of a second material; 

polishing the permanent layer (14) to expose 
the sacrificial layer (12); and 
removing the sacrificial layer (12). 

55 2. The method of claim 1, wherein the substrate (10) 
defines a heating surface. 

3. The method of either of claims 1 or 2, wherein the 
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SSmJT 1 "" 9 on ,he main surface a 

ayar 2) composes the step of depositing the sac 

^yer (12) form substantially right angles with the 
mam surface of the substrate (10). 

S££ o, any of c,aims 1 to 3 - C °«9 

depositing on the permanent layer (14) a sec- io 
ond sacrifice layer (16)' and ,l4 ' asec 10 
depositingover the second sacrificial layer (16) 
a second permanent layer. 

The methodof any of claims 1 to4, wherein a cavitv is 

tormedasan^ativemoldinmesacrificaTlave^S 
has a dimension parallel to the ma 

oxde^n-on g, ass , a poWnUi> ^ « 

2S 

7- The method of any of claims 1 to 6, wherein sairi 
second materia, is selected from the group Z£ 

Inn f 4 ' , V 0 ^ 0 "**™. a polyarylene ether 30 
and a phenolphthalein containing arylene ether 

8. A method of fabricating an ink-jet printheaddefinino 

35 

providing a substrate (10) defining a main sur- 

? mah surface a 

* (12) of a first material, configured as a neo- 40 
atr,emoldofthe P .uralityof channels 9 
depositing over the sacrificial layer a perma- 
nent layer (14) of a second material; and 
removing the sacrificial layer (12). 

thSlr er9 ' Z ' n9SUrtacesin,hem ^n^rrace 
there*, each snorgang surface corresponding to 
one channel in the printhead, and vvherein thJ si 
o ^ ing m the ^ surface )a S 8 e so 

oyer (12) over the energizing surface. 

ilin! th^^ f C ' aim 9 ' WherG ' n the St -P of 
■ting the sacrificial layer (1 21 include * 

^Ji 1 ? 06, thef6by a, '° W ^thaUan n 
'ayer (14) to form a pi, (2S) around the ^ 



10 



(24) of the energizing surface. 



BNSOOCID: <EP_082936OA2J_> 



6 



EP 0 829 360 A2 



12 12 12 12 





















s 



FIG. 1 

12 14 12 12 12 



FIG. 2 

14 12 14 12 14 12 14 12 



10 



















10 



FIG. 3 

14 14 14 14 14 

1111 



10 



FIG. 4 

16 16 16 



FIG. 5 



BNSDOCID: <EP 0829360A2_I_> 



7 



EP 0 829 360 A2 




FIG. 7 



SNSDOCID: < EP_ 0829 360 A2. 



8 



EP 0 829 360 A2 




FIG. 8 



BNSDOCID: <EP 0829360A2_i_> 



9 



EP 0 829 360 A2 




10 



(19) 




(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 829 360 A3 



EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) IntCI 6 : B41J 2/16 




18.09.1999 Bulletin 1999/33 


(43) 


Date of publication A2: 






18.03.1998 Bulletin 1998/12 




(21) 


Application number: 97306996.6 




(22) 


Date of filing: 09.09.1997 




(84) 


Designated Contracting States: 


o Burke, Cathie J. 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Rochester, NY 14625 (US) 




NL PT SE 


» Calistri-Yeh, Mildred 






Webster, NY 14580 (US) 


(30) 


Priority: 12.09.1996 US 712761 


o Atkinson, Diane 






Webster, NY 14580 (US) 


(71) 


Applicant: XEROX CORPORATION 






Rochester, New York 14644 (US) 


(74) Representative: Pike, Christopher Gerard et al 






Rank Xerox Ltd., 


(72) 


Inventors: 


Patent Department, 


e 


Hawkins, William G. 


Parkway 




Webster, NY 14580 (US) 


Marlow, Buckinghamshire SL7 1 YL (GB) 



(54) Method and materials for fabricating an ink-jet printhead 



(57) An ink-jet printhead fabrication technique ena- 
bles capillary channels for liquid ink to be formed with 
square or rectangular cross-sections. A sacrificial layer 
(12) is placed over the main surface of a silicon chip, the 
sacrificial layer being patterned in the form of the void 
formed by the desired ink channels. A permanent layer 



(1 4), comprising permanent material, is applied over the 
sacrificial layer, and, after polishing the two layers to 
form a uniform surface, the sacrificial layer is removed. 
Preferred materials for the sacrificial layer include poly- 
imide while preferred materials for the permanent layer 
include polyarylene ether, although a variety of material 
combinations are possible. 



12 14 12 





BNSDCCID: <EP 0829360A3_I_> 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 829 360 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

W 97 30 6996 



Category 
Y 



Citation 



n . , — ' v V 



Relevant 
to claim 



1-3,8,9 



1-3,8.9 



1-3,8,9 



J 84 ,^*} 8 * f T *->ll June 1996 
5A.60-6F *' " ' ,1ne 67: f1 9"<-es 

* E abstract ? * A (CAN0 ^- K - ) 28 April 1938 

^yr* 46 - ,ine 53 * 

* claim 1 * 

19 SuSw!? * (CAN0N "^BUSHIKI KAISHA) 
J_page2, ljne 22 - „ n , 31 . figures 

PATENT ABSTRACTS OF JAPAN 

16 November 1985 
* abstract * 

I? D 0 ec 5 ie 9 r\^ CANON " 7ABUSHIKI ™™» 



CLASSIFICATION OF THE 



B41J2/16 



1.8 



1,3,8 



TECHNICAL FIELDS 
SEARCHED ((nt.Q.6) 

B4l7 



has been orawn up f<x al, ^ms 



BERLIN 



CATEGORY OF CITED DOCUMENTS 



Date cf comptotioo ot the scarcrT 

25 June 1999 



Ducreau, F 



J : Pajcu'arty relevant if taken alone 
V . particularly relevant rt combine anothef 

A . technological background 
O non mitten disclosure 
P " intermediate document 



E eaS^tpm^' 6 Underr ^ th * 'motion 

0 : document cited in the appbcaiion 

1 document crtsd for othor -easons 

4 '^ n r '^ s ^^^n^ n3 



BNSDOCID:<EP__0829360A3J_> 



2 



EP 0 829 360 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 97 30 6996 



This arrrmx lists tho patent family members relating to the patent documents cited in the above- mentjoned European search report 
The members are as contained in tiie European Patent Office EOP file on * 
The European Patent Office is in no way liable for these particulars which are merely given tor the purpose ol information. 

25-06-1999 



Patent document 
ated m search report 



Publication 
date 



Patent family 
members) 



US 5524784 A 
DE 3735372 A 



11-06-1996 



JP 



6008437 A 



EP 432795 



28-04-1988 
19-06-1991 



JP 
US 

JP 
JP 
DE 
DE 
ES 
US 



63102948 A 
5582678 A 



2697937 B 
3184868 A 
69028904 
69028904 
2092484 
5335004 



D 
T 
T 
A 



US 4412224 



25-10-1983 



JP 
JP 
JP 
DE 



1722312 C 
3010509 B 
57102366 A 
3150109 A 



EP 574911 



22-12-1993 



JP 
DE 
US 



6069497 A 
69323655 D 
5517224 A 



2 



For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



Publication 
date 



18-01-1994 



07-05-1988 
10-12-1996 



19-01-1998 
12-08-1991 
21-11-1996 
27-02-1997 

01- 12-1996 

02- 08-1994 



24- 12-1992 
13-02-1991 

25- 06-1982 
15-07-1982 



11-03-1994 
08-04-1999 
14-05-1994 



BNSDOCID: <EP 0829360A3_I_> 



3 



Jill 



